gested that a high degree of nucleotide sequence conservation existed between FGD1 cDNA clones derived from human and mouse.
The overlapping mouse cDNA clones corresponded to 3080 bp of contiguous nucleotide eDNA sequence and contained a 2880-nucleotide ORF predicted to encode a protein of 960 amino acids, one amino acid shorter than the human FGD 10RF. Comparison of the mouse and human sequences within the coding region indicated 94.7% identity (96.3% similarity) at the amino acid level (Fig. 1A) . The nucleotide sequence of all three mouse cDNAs terminated at an identical EcoRI site that corresponded to position 3713 of the human FOD1 and included 97 bp of 3' untranslated sequence. In addition, the largest mouse cDNA contained 104 bp of 5' untranslated sequence (Fig. 1B) . Compared with the human FGD1 nucleotide sequence, the 5' untranslated region, the ORF, and the 3' untranslated region of the mouse cDNA were 95%, 92%, and 75% identical respectively. The predicted translation initiation sites of both the human and mouse cDNAs were identical. Together, these results strongly suggested that the composite mouse eDNA represented the mouse homolog of the human FGD1 gene, which was designated Fgdl.
An analysis of the derived Fgdl and FGD1 protein sequences predicted proteins with Rho/Rac guanine nucleotide exchange factor (OEF) activity. Rho/RacGEFs form a family of cytoplasmic proteins that activate the Ras-like family of Rho and Rac proteins by facilitating the exchange of bound ODP for free OTP (Boguski and McCormick 1993) . The Fgdl GEF domain (180 residues from aa 375-559) was virtually identical (99.5% identity) to the Rho/ RacGEF domain of the human FGDI sequence (Fig. 1A) . In addition, a comparison of the predicted mouse and human FGD1 protein sequences determined that both genes encoded the same putative structural motifs (Fig. 1B) . These included a zinc-fingerlike structural motif that was similar to but distinct from the zincfinger regulatory domain of protein kinase C, a pleckstrin homology domain, and a proline-rich amino terminus domain that contained potential Src-homology 3 (SH3) binding sites (Pasteris et al. 1994) . Another potential functional motif, an acidic peptide segment directly upstream from the GEF domain, was identified in the human/mouse comparison. A stretch of ten glutamic acid residues in the mouse gene (aa 339-349) was matched by 11 acidic residues in the human FGD1 polypeptide (EEEDDEEEEEE). Other Rho/ RacGEFs also contained acidic stretches upstream of the GEF domain; for example, rasGRF contained stretches of EDGEVEIE and EDEDSD residues in a similar region (GenBank accession No. P28818). results also extended and confirmed that a cluster of loci within the human proximal short arm of the X Chr within region Xpl 1.21 mapped to the distal region of the mouse X Chr, extending the observations of Blair and colleagues (1994) . Several mouse mutations have been tentatively mapped to the distal portion of the mouse X Chr. These include gyro (Gy), hyphosphatemia (Hyp), lined (Li), and X-linked polydactyly (Xpl) (Lyon and Seafle, 1989) . These mutations are manifested by hypophosphatemia, rickets, inner ear abnormalities, sterility, and polydactyly, features not associated with the FGDY phenotype. However, because the reported cases of FGDY have been associated with FGD1 null alleles only (Pasteris et al. 1994) , and since it is not known what phenotype(s) may be associated with more subtle FGD1 mutations, it is not possible to absolutely exclude the possibility that Fgdl is responsible for one of these mouse muta-
tions. An examination of the nucleotide and deduced protein sequences of Fgdl and FGD1 revealed a high degree of homology between the two genes 9 The remarkable fidelity of amino acid conservation of all structural motifs identified in Fgdl, including the Rho/RacGEF domain, may signify that the mouse and human signaling cascades are also equally well conserved. Other potential components of this pathway, such as the mouse and human Racl, Rac2, and Cdc42 proteins, are 100% conserved at the amino acid level (unpublished observation, Pasteris). These results and observations strongly suggest that the mouse will serve as a useful figure (B). The order and position of the anchor loci were previously described (Herman et al. 1994) . Calculated distances between markers are shown to the right of the figure. PCR primers for DXMitl2, 34 and 35 were purchased from Research Genetics and used as recommended by the mauufacturer. Genomic DNA restriction digests, electrophoresis, and Southern blotting to Sure Blot membranes (Oncor) were performed as described (Herman and Walton 1990; Angel et al. 1993 ).
